SUMMARY
Intergenic and flanking gene regions for the 1C-1B, 1B-N, N-P, M-1A, G-F and F-22K gene junctions of respiratory syncytial virus strain 18537, representing antigenic subgroup B, were determined by dideoxynucleotide sequencing of polycistronic cDNAs and mRNAs. Comparison with their counterparts from the subgroup A strain A2 showed that the in tergenic sequences were not conserved within or between the strains. Flanking no~-~oding gene sequences also were generally not conserved except for the highly conserved gene-start and gene-end transcription signals. The sequence of the overlap between the 22K and L genes was conserved almost exactly between the two subgroups.
Human respiratory syncytial virus (RSV) is classified within the paramyxovirus family, but recent molecular studies have shown that RSV differs from other paramyxoviruses in gene number and in some aspects of genome organization (Mclntosh & Chanock, 1985; Elango et al., 1985; Collins et al., 1986 Collins et al., , 1987 Spriggs et al., 1987) . RSV genomic RNA (vRNA) is a single negative strand of RNA of approximately 15 000 nucleotides. Intracellularly, RSV vRNA is transcribed into 10 major mRNAs that each encode a single major species of protein . The 10 proteins are the nucleocapsid (N) protein, putative polymerase (L) protein, phosphoprotein (P), fusion (F) and putative attachment (G) glycoproteins, membrane-associated matrix (M) and 22000 Mr (22K) proteins, small hydrophobic (IA) protein, and two non-structural proteins (1B and 1C) Huang et al., 1985) . The gene order determined by sequencing vRNA is 3' 1C-1B-N-P-M-1A-G-F-22K-L , and is the same as the order of sequential gene transcription (Collins & Wertz, 1983; Dickens et al., 1984) .
Paramyxoviruses typically contain short, highly conserved nucleotide sequences at the beginning and end of each gene (gene-start and gene-end signals). Also, paramyxoviruses such as Sendai virus and human parainfluenza virus type 3 contain trinucleotide intergenic regions that are nearly exactly conserved between these different viruses (Gupta & Kingsbury, 1984; . These conserved gene-terminal and intergenic regions are thought to contain signals that direct the viral polymerase during sequential gene transcription. Consistent with this, the genes of RSV contain conserved gene-start and gene-end sequences . On the other hand, the intergenic regions of RSV strain A2 are each structurally distinct, containing one to 52 nucleotides with no apparent sequence similarity from one to the next . Additionally, the last two genes, the 22K and L genes, overlap by 68 nucleotides . The lack of structural consensus for the RSV intergenic regions (including the absence of an intergenic region at the 22K-L gene junction) implied that they might be relatively non-conserved. Alternatively, the structures of individual intergenic regions might be important and conserved even though each is structurally unique. The paramyxoviruses simian virus 5 and Newcastle disease virus also appear to have non-identical intergenic regions (Hiebert et al., 1985; Jorgensen et al., 1987; Yusoff et al., 1987) . Thus, the structural differences in the intergenic regions might define two functionally or evolutionarily distinct groups within the paramyxovirus family. RSV strains have been grouped into two distinct antigenic subgroups, A and B, based on differences in in vitro neutralization with convalescent sera and reactivity with monoclonal antibodies to several viral proteins (Anderson et al., 1985; Mufson et al., 1985; . The existence of two distinct subgroups provided the opportunity to identify conserved and non-conserved sequences at the gene junctions and thereby identify sequences that might be important structurally or functionally. The structural studies described above were for the subgroup A strain A2; to complement these data, a library of cDNA clones was prepared using as template mRNA isolated from HEp-2 cells infected with the subgroup B strain 18537 (Johnson et al., 1987 b) . cDNAs have been identified for nine of the 10 mRNAs of strain 18537, excluding only the L mRNA (Johnson et al., 1987b and unpublished data) . (Zagursky et al., 1985; Collins et al., 1986 ) using a synthetic vRNA-sense oligonucleotide primer, 5' GTACTGAATTGGCGG 3', complementary to nucleotides 66 to 52 of the strain 18537 1A mRNA sequence (unpublished data). The mRNA sequencing was performed with 5' endlabelled primer, and the cDNA sequencing was performed with unlabelled primer in the presence of[~-35S]dCTP. The nucleotide sequence (vRNAsense) and the gene boundaries deduced from the sequencing ladders are marked. The strong stop band in (a) was due to termination by the fraction of primer that was hybridized to monocistronic 1A mRNA. The nucleotide difference in the gene-start signal of the 18537 1A sequence is underlined. (Collins et al., 1986 and references therein) . Based on this precedent, the 18537 polycistronic c D N A s were analysed to determine intergenic structure (Fig. l) . In addition, the intergenic regions of the M-1 A and G -F m R N A s were analysed directly by dideoxynucleotide sequencing of 18537 intracellular m R N A (Fig. 2 and unpublished data) . In all, this generated the intergenic and flanking gene sequences for seven of the first nine genes in the gene order. All except two of the sequences (1B-N and F -2 2 K ) were confirmed from more than one c D N A , and one (M-1A) was confirmed in both c D N A and m R N A . Attempts to confirm and extend these data by direct dideoxynucleotide sequencing of v R N A were unsuccessful due to multiple strong stops and a Short communication low signal to background ratio (not shown), consistent with the previously observed difficulty in sequencing directly from RSV vRNA . A likely contributing factor was the five-to 10-fold lower yields of virus in tissue culture for the 18537 strain compared to the A2 strain.
Sequences (vRNA-sense) for seven strain 18537 gene junctions are shown in Fig. 1 (a) . The gene-start sequences (3' CCCCGUUUA, vRNA-sense) were identified by their exact sequence identity with the corresponding sequences for nine A2 genes. One exception was the gene-start sequence for the 18537 1A gene, 3' CCCCAUUUA, which contained one nucleotide difference (underlined) (Fig. 1 a) . Also, as described previously , the start signal for the strain A2 L gene (3' CCCUGUUUU, vRNA-sense) contains two nucleotide differences (underlined), and these differences were exactly conserved between the subgroups (Fig. 1 b) . Additionally, the 5' ends of the 18537 1A, G and F mRNAs were sequenced by primer extension (Fig. 2, and unpublished results) , thereby directly mapping the gene boundaries and confirming the nucleotide difference in the 1A gene-start sequence.
The strain 18537 gene-end sequences (Fig. 1) were identified by their extensive sequence identity with strain A2, and also were mapped by the location of poly(A) tails in multiple monocistronic cDNAs. For both strains, the gene-end signals are sequences of 12 to 13 nucleotides that consisted of (in vRNA-sense) the pentanucleotide 3' UC~dU followed by three or four variable nucleotides and a run of four to seven U residues. In some cases, such as for the 1C gene, the sequence and spacing of the pentanucleotide and oligo(U) tract were exactly conserved between subgroups. On the other hand, the M gene-end signal differed between subgroups in the sequence and spacing of the pentanucleotide as well as in the length of the oligo(U) tract.
A search of the available gene sequences of the two strains for matches with the various forms of the start and end sequences showed that they occur only at the gene termini. Previous mapping studies of the transcription products of the overlapping 22K and L genes showed that the 22K gene-end and L gene-start signals each were functional alone without adjoining intergenic or gene-start and gene-end signals . Apart from the gene-start and -end signals and translational open reading frames, gene sequences flanking the gene junctions exhibited little apparent conservation. This suggests that the gene sequences that flank the intergenic regions do not contain additional transcription signals. Taken together with the lack of conservation of the intergenic regions (see below), these observations support the interpretation that the gene-start and -end sequences are signals that are functionally independent and are sufficient to direct polymerase activities at the gene junctions.
The six intergenic sequences for strain 18537 shown in Fig. 1 varied in length from three to 56 nucleotides, compared to one to 52 nucleotides for eight strain A2 intergenic regions. Within either strain, there was essentially no significant sequence homology from one intergenic region to the next except for a 12 or 13 nucleotide sequence present in both the G-F (nucleotides 39 to 52) and F-22K (nucleotides 42 to 53) intergenic regions of strain 18537. Furthermore, between subgroups the individual intergenic regions also exhibited relatively low sequence identity (42~ for 165 nucleotides). One feature of intergenic structure, that of its length in nucleotides, was similar between subgroups, being conserved exactly in three of the six intergenic regions. One possibility is that intergenic length has a conserved functional significance, such as in modulating transcriptional attenuation (Iverson & Rose, 1981) . Alternatively, because the two strains appear to be at an early stage of divergent evolution, the intergenic regions might not have had sufficient time to sustain extensive insertions and deletions. Most of the intergenic regions had a relatively high content of U residues and often contained oligo(U) tracts, features that might influence interaction with the polymerase and might, for example, modulate transcriptional attenuation. Apart from this, the intergenic regions appear to be non-conserved, non-complex spacers. We note, however, that this conclusion cannot be extended to the two intergenic regions (P-M and 1A-G) that were not sequenced.
It also was of interest to compare the A2 and 18537 sequences in the region of overlap between the 22K and L genes. Fig. 1 (b) shows the alignment, in mRNA sense, of the downstream (3'-terminal) 92 and 93 nucleotides (positions 864 to 956 for strain 18537 and 864 to 957 for strain A2) of the 22K genes of the two strains. Nucleotides 864 to 892 (18537) or 864 to 893 (A2) of the 22K gene sequences, which were not part of the translational open reading frames in the mRNA of either strain, exhibited only 33 ~ identity between the two strains. This is consistent with the general finding that non-coding gene sequences exhibit little apparent conservation (usually less than 50~ identity) between strains A2 and 18537 ( Fig. 1 and unpublished data) . The gene-start signal of the L gene (the complement of nucleotides 893 to 901 of 18537 and 894 to 902 of A2) and the translational start site of the L open reading frame (nucleotides 901 to 903 of 18537 and 902 to 904 of A2) were conserved exactly between strains with regard to sequence and to their positions relative to the end of the 22K gene. The remainder of the region of overlap, containing the beginning of the L open reading frame, also was highly conserved (92 ~ identity). This is consistent with the observation that the open reading frames of seven 18537 genes sequenced to date (the 1 B, 1 C, N, 1 A, G, F and 22K genes) are relatively highly conserved (67 to 86 ~ identity) (Johnson et al., 1987b and unpublished data) . The N-terminal 18 amino acids of the L protein encoded in the overlap were exactly conserved between the two strains ( Fig. 1 b) , consistent with the general conservation of amino acid sequences (76 to 96 ~ identity for the 1B, 1 C, N, 1 A, F and 22K proteins) except in the case of the highly divergent (53 ~ identity) G protein (Johnson et al., 1987b and unpublished data) .
The mechanism of transcriptional initiation of the L gene is unknown and might involve a separate polymerase entry site (promoter). One possibility was that the L gene is preceded by a promoter, but the lack of conservation in the non-coding 22K gene sequence upstream of the L gene ( Fig. 1 b) suggested that this was not the case.
A second possibility is that a promoter is contained within the L gene, perhaps overlapping with the L gene-start signal. Consistent with this possibility, the available sequence for the L gene was nearly exactly conserved between the A2 and 18537 strains. However, because this sequence also contains the L translational open reading frame, it was not possible to distinguish between sequence conservation due to protein-coding function and a polymerase-recognition function. It will be important to determine the sequence of the 3' end of the RSV vRNA; comparison with sequences within the L gene might identify conserved polymerase recognition sequences.
Alternatively, it is not necessary to postulate the existence of a separate promoter to account for transcription of the overlapping L gene. One possibility is that a fraction of polymerase molecules that encounter the 22K gene-start signal during sequential transcription might fail to resume RNA synthesis and instead might continue to translocate down the 22K gene without synthesis. These polymerase molecules would be available to initiate RNA synthesis at the next start signal, that of the L gene. This model postulates that the polymerase is somewhat inefficient in recognizing gene-start signals, as has been shown previously to be the case with gene-end signals. The model also postulates that recognition by the polymerase of the transcriptive signals is an obligatory step in switching between synthetic and non-synthetic modes during sequential transcription. If the L gene is accessible only to polymerases that have bypassed the start signal of the 22K gene, the result would be increased attenuation of L gene transcription. Finally, this model is consistent with a mechanism of sequential transcription from a single promoter, the 3' end of vRNA, and accounts for the previously observed low level of accumulation of L leader mRNA and L mRNA.
The A and B subgroups were distinguished previously on the basis of relatively modest antigenic differences (Anderson et al., 1985; Mufson et al., 1985; Johnson et al., 1987a) . The evidence presented here of extensive divergence in intergenic and non-coding regions of vRNA, together with the previously described divergence in the ectodomain of the G protein (Johnson et al., 1987b) , established that the A2 and 18537 strains have undergone extensive sequence divergence. On the other hand, the high degree of conservation of the sequences of most translational open frames and their encoded proteins (unpublished data) suggest that the two strains are at an early stage of divergent evolution.
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